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Abstract 

 
Background- Elevated plasma homocysteine (Hcy) is considered to be a novel risk factor for 

coronary atherosclerosis. Considering the important role of the kidneys in Hcy clearance, the 
relation, if any, between Hcy and diabetes mellitus (DM) and coronary artery disease (CAD) in 
diabetic patients is still unclear. The aim of this study was to investigate whether plasma Hcy is 
a predictor of CAD in patients with type 2 DM without any evidence of nephropathy. 

Methods- Among type 2 DM patients without nephropathy (cr ≤1.2 mg/dl) referring for coronary 
angiography to Tehran Heart Center during 2005, 151 patients were evaluated in this cross-
sectional study. CAD was confirmed if there was a lumen diameter narrowing >50 percent in at 
least one coronary artery. The extent of CAD was determined by the number of affected 
coronary arteries. 

Results- The mean±SD Hcy level was 11.35±3.7 μmol/l.  No significant difference was observed 
between the CAD and control groups (11.52±4.01 μmol/l vs. 11.02±3.11 μmol/l, p=0.440). 
CAD was related to body mass index (p=0.044), systolic blood pressure (p=0.027), HDL-c 
level (p=0.016), serum creatinine (p=0.042), and HbA1c level (p=0.001). A binary logistic 
regression analysis found systolic blood pressure (OR: 0.96, p=0.003), creatinine (OR: 24.76, 
p=0.013), and HbA1c (OR: 2.41, p=0.017) as independent predictors of the presence of CAD. 
Predictors of the extent of CAD were history of hypertension and current smoking. 

Conclusion- In the presence of normal renal function, plasma Hcy level cannot predict either 
presence or extent of CAD in patients with type 2 DM without nephropathy(Iranian Heart 
Journal 2009; 10 (4):6 -13). 
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oronary artery disease (CAD) is the 
leading cause of morbidity in patients 

with type 2 diabetes mellitus (DM), and the 
prevalence of atherosclerosis is 2-6 fold 
greater in diabetic patients than in their non-
diabetic counterparts.1 

 

An extensive number of clinical and 
experimental studies have demonstrated that a 
mild increase in plasma homocysteine (Hcy) 
level may be an independent risk factor for 
cardiovascular diseases.2-4  
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A meta-analysis of 27 observational studies 
has reported that up to 10% of CAD could be 
explained by hyperhomocysteinemia.5 
However, the exact mechanism by which Hcy 
causes atherosclerosis has not been clearly 
explained.  
Previously published studies have reported 
different and even contradictory plasma Hcy 
levels in diabetic populations.1, 6-14 

This controversy may be related to the 
heterogeneity of the populations studied; 
particularly patient renal function. One 
possible explanation for different levels of 
plasma Hcy may be the important role of the 
kidneys in Hcy metabolism. In the early 
stages of diabetic nephropathy, plasma Hcy 
concentration is usually low or normal. This 
may be due to glomerular hyperfiltration. 
However, once diabetic nephropathy is 
established, a reduced glomerular filtration 
rate results in higher levels of plasma Hcy.15-

17 

It is not clearly known whether plasma Hcy 
level is independently associated with CAD in 
patients with type 2 DM or whether it differs 
as a consequence of altered renal function. 
Therefore, the aim of this study was to 
investigate whether plasma homocysteine 
level is an independent predictor of presence 
or extent of CAD in patients with type 2 DM 
without nephropathy. 
 

Methods 
 
Patients 
The study population of this cross-sectional 
study consisted of 151 patients (66 men, 85 
women) with type 2 DM who underwent 
coronary angiography in Tehran Heart Center 
(a referral hospital affiliated to Tehran 
University of Medical Sciences) between 
April and October 2005. 
DM was defined if patients were under active 
treatment with insulin or oral hypoglycemic 
agents. For patients on dietary treatment, 
diabetes was defined based on the criteria 
from the American Diabetes Association 
(ADA) for the diagnosis and classification of 

diabetes.18 Patients with acute myocardial 
infarction, hypothyroidism, or renal failure 
(creatinine ≥1.2 mg/dL) were not enrolled in 
this study. 
Coronary angiography was performed by 
experienced interventional cardiologists, who 
were blinded to the study protocol. CAD was 
confirmed if there was a lumen diameter 
narrowing more than 50 percent at least in 
one coronary artery. The extent of CAD was 
determined according to the standard method 
into single-, two-, or three-vessel disease. 
Minimal CAD was defined as a <50% 
narrowing in lumen diameter. 
Based on the angiographic results, the patients 
were divided into two groups: the CAD group 
consisted of 100 patients with CAD or 
minimal CAD, and the control group 
comprised 51 patients without CAD.  
All the participants gave written consent for 
the angiographic examination. The study 
protocol was approved by the Ethics 
Committee of Iran University of Medical 
Sciences and investigations were conducted in 
accordance with the Declaration of Helsinki. 
 
Clinical assessments 
The patients underwent a complete clinical 
examination,  and a comprehensive medical 
history was recorded. Blood pressure, body 
mass index (BMI), known cardiovascular risk 
factors, family history of CAD, history of 
hypertension or hyperlipidemia, and duration 
of diabetes were also identified. 
 
Biochemical measurements 
Blood samples were taken after an overnight 
fast and fasting blood sugar (FBS), total 
cholesterol (TC), triglycerides (TG), low-
density lipoprotein (LDL-c), high-density 
lipoprotein (HDL-c), lipoprotein a [Lp(a)], 
serum creatinine (Cr), and glycosylated 
hemoglobin (HbA1c) were measured. Plasma 
Hcy was determined by high-performance 
liquid chromatography (HPLC). All th 
emeasurements were performed in the 
laboratory of Tehran Heart Center with the 
same methods for all the blood samples, and 
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the laboratory personnel were unaware of the 
study protocol and clinical / angiographic 
data.  
 
Statistics 
All the statistical analyses were performed 
using SPSS for Windows 15.0 (SPSS Inc., 
Chicago, Illinois). The data are presented as 
frequency (percentages) for the categorical 
variables and mean ± SD for the continuous 
variables. 
Differences between the groups were assessed 
using the Chi-square, independent samples t 
test, and one-way ANOVA. Variables found 
to be predictors of CAD in the univariate 
analysis were then entered into a multivariate 
model using the binary logistic regression to 
determine the independent predictors of CAD. 
The Hosmer and Lemeshow tests for 
Goodness-of-Fit were used. A 2-tailed P-
value of <0.05 was considered statistically 
significant. 
 

Results 
 
Baseline characteristics of study population 
The median age of the study population was 
49 years (ranging from 29 to 55), and their 
median duration of  diabetes was 3 years.  
According to the results of coronary 
angiography, of 100 patients with CAD, 15 
had minimal CAD, 33 had single-vessel, 23 
had two-vessel, and 29 patients had three- 
vessel disease. The demographic and clinical 
features of these patients are presented in 
Table I.  
Laboratory values for the CAD patients and 
their control counterparts are listed in Table 
II.  
Male gender was significantly more common 
in the CAD group than in the control group 
(54% vs. 23.5%, p<0.001). Clinical and 
biochemical measurements were similar in the 
two groups except for reduced systolic blood 
pressure and serum HDL-c level as well as 
higher HbA1c in the CAD group (p<0.05). 
Compared to the control group, creatinine was 

significantly higher in the CAD patients; 
however, both were within the normal range. 
 
 
Table I. Demographic features of type 2 diabetic 
patients in CAD and control groups.   
 

Characteristics CAD patients 
(n=100) 

Controls 
(n=51) P- value 

Age (year) 47.88 ±5.20 48.66±5.63 .395 

Gender (Men) 54 (54) 12 (23.5) <.001* 

BMI (kg/m2) 28.62±5.21 30.48±5.29 .044* 

Current smoking 20 (20) 4 (7.8) .053 

Positive family history of 

CAD 
32 (32) 15 (29.4) .745 

Hyperlipidemia 74 (74) 38 (74.5) .946 

Hyperlipidemia duration 

(month) 
53.37±63.54 50.38±48.87 .814 

Hypertension 54 (54.5) 29 (56.9) .787 

Hypertension duration 

(month) 
56.75±62.6 60.93±74.34 .793 

Systolic blood pressure 

(mmHg) 
124.25±19.47 132.72±21.30 .027* 

Diastolic blood pressure 

(mmHg) 
80.38±10.80 82.32±9.65 .327 

Diabetes duration (month) 66.18±70.23 68.44±67.40 .858 

Insulin use 13 (13.1) 4 (8) .106 

*Significant group differences were detected (p<0.05) 

 
Table II. Biochemical measurements for type 2 
diabetic patients in CAD and control groups 
 

Characteristics CAD patients 
(n=100) 

Controls 
(n=51) P -value 

Total cholesterol (mg/dL) 203.97±56.65 211.88±119.29 .586 

HDL-c (mg/dL) 40.75±8.66 45.00±12.36 .016* 

LDL-c (mg/dL) 114.05±34.94 109.40±34.34 .474 

Triglyceride (mg/dL) 301.90±482.32 250.29±176.63 .462 

Fasting blood sugar 

(mg/dL) 
160.48±61.59 164.67±59.59 .695 

Creatinine (mg/dL) 0.99±0.21 0.92±0.20 .042* 

Lipoprotein (a) (mg/dL) 40.27±34.00 31.05±28.57 .133 

Total plasma 

homocysteine (µmol/dL) 
11.52±4.01 11.02±3.11 .442 

Hb A1C (%) 7.32±0.75 6.90±0.71 .010* 

*Significant group differences were detected (p <0.05) 
 
Considering the extent of CAD, only the 
patients’ history of hypertension and current 
smoking was found to have a statistically 
significant difference among the categories 
(p<.05, Table III). 
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Plasma homocysteine level 
Plasma Hcy level ranged from 1.10 to 35.00 
μmol/L,  and  the  mean ± SD  Hcy  level  was  
11.35± 3.7 μmol/L. No significant difference 
was observed between the CAD and control 
groups (11.52 ± 4.01 μmol/L vs. 11.02 ± 3.11 
μmol/L, 95% Confidence Interval [CI] of 

difference = -.77-1.76, p =0.440). Although 
the  mean  plasma  Hcy  level  was  highest in 
The patients with minimal CAD (13.23±6.6 
μmol/L) and lowest in patients with two-
vessel disease (10.76 ± 2.9 μmol/L), there was 
no statistically significant difference among 
the four categories of CAD extent as depicted 
in Table IV.  

 
Table III. Demographic features of type 2 diabetic patients with CAD according to the extent of CAD 

 

Characteristics Minimal CAD 
(n=15) 

1-vessel disease 
(n=33) 

2-vessel 
disease 
(n=23) 

3-vessel 
disease 
(n=29) 

P- value 

Age (year) 45.67±6.6 48.51±4.1 48.39±5.9 47.90±4.8 .335 

Men 5 (33.3) 16 (48.5) 13 (56.5) 20 (69) .130 

BMI (kg/m2) 30.23±5.0 28.03±4.6 29.04±6.2 28.15±5.2 .536 

Current smoking 2 (13.3) 5 (21.7) 6 (26.1) 7 (24.1) .041* 

Positive family history of CAD 3 (20) 11 (33.3) 6 (26.1) 12 (41.4) .448 

Hyperlipidemia 11 (73.3) 25 (75.7) 18 (78.3) 20 (69) .884 

Hyperlipidemia duration (month) 60.45±65.7 63.17±69.3 48.07±64.7 39.65±53.6 .668 

Hypertension 12 (80) 21 (63.6) 10 (43.5) 11(38) .032* 

Hypertension duration (month) 46.75±53.4 61.09±58.4 58.22±73.4 59.25±82.1 .940 

Systolic blood pressure (mmHg) 129.61±20.4 121.73±22.7 118.12±13.9 128.00±17.8 .272 

Diastolic blood pressure (mmHg) 82.31±11.6 79.65±10.7 75.96±6.1 83.00±12.2 .196 

Diabetes duration (month) 77.33±102.2 65.43±60.8 66.75±65.9 59.96±64.9 .904 

Insulin use 3 (20) 1 (3.3) 5 (21.7) 4 (13.8) .153 

     *Significant group differences were detected (p <0.05) 
 
 
 

 
Table IV. Biochemical measurements for type 2 diabetic patients with CAD according to the extent of CAD 

 

Characteristics 
Minimal 

CAD 
(n=15) 

1-vessel 
disease 
(n=33) 

2-vessel 
disease 
(n=23) 

3-vessel 
disease 
(n=29) 

P -
value 

Total cholesterol (mg/dL) 203.33±42.6 195.88±38.1 201.67±33.6 216.00±88.6 .594 

HDL-c (mg/dL) 43.33±8.6 41.14±9.0 40.62±7.7 38.93±8.9 .463 

LDL-c (mg/dL) 108.31±28.6 110.08±38.4 115.94±32.6 119.72±36.8 .717 

Triglyceride (mg/dL) 392.80±593.1 250.82±136.2 241.95±124.6 360.44±781.8 .660 

Fasting blood sugar (mg/dL) 143.67±56.0 160.36±64.7 167.13±62.7 164.3±61.4 .691 

Creatinine (mg/dL) 0.97±0.3 0.95±0.2 0.98±0.2 1.08±0.2 .116 

Lipoprotein (a) (mg/dL) 25.15±21.8 48.78±30.7 48.38±50.4 31.33±19.2 .076 

Total plasma homocysteine 

(µmol/dL) 
13.23±6.6 11.70±4.0 10.76±2.9 11.05±2.7 .265 

Hb A1C (%) 7.14±1.0 7.30±0.5 7.20±0.7 7.58±0.8 .367 
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Predictors of the presence of CAD 
A binary logistic regression analysis with the 
presence of CAD as the dependent variable 
and all significant correlates of CAD as 
independent variables found systolic blood 
pressure (OR: 0.96, p=0.003), creatinine (OR: 
24.76, p=0.013), and HbA1c (OR: 2.41, 
p=0.017) as independent predictors of the 
presence of CAD in patients with DM (Table 
V). The Hosmer and Lemeshow Goodness-of-
Fit was not significant (Chi-square:10.301, df: 
8, p=0.245) 
 
Table V. Independent predictors of the presence of 
CAD in type 2 diabetic patients without 
nephropathy 

 

 
 

Discussion 
 
Recently, more attention has been paid to the 
Hcy level as a novel risk factor for developing 
atherosclerosis and consequently 
cardiovascular events.19-21 The relation, if any, 
between plasma Hcy level and DM is still a 
matter of controversy and debate among 
investigators.22,23 In the present study, we 
aimed to explore the relationship between 
CAD and plasma Hcy levels in patients with 
type 2 DM without any evidence of 
nephropathy. 
Some previously published reports introduced 
Hcy as an independent predictor of CAD in 
diabetic patients.24,25  This association was not 
observed in our study. We found that in 
diabetic patients, both with and without CAD, 
plasma Hcy level was within the normal range 
and did not differ significantly. This 
observation suggests that the relation 
observed in other studies may not be 
independent of other factors which can affect 
the plasma Hcy level or the presence of CAD. 

One of the most important factors suggested 
to be related to the plasma Hcy level is renal 
function and consequently the ability of 
kidneys in the clearance of Hcy. Diabetic 
nephropathy is one of the main complications 
of DM and occurs frequently in these patients. 
We found that in the presence of normal renal 
function, Hcy cannot predict the presence of 
CAD in patients with type 2 DM. Although 
this finding is in contrast with some 
observations,16,25 it is in agreement with some 
other data.10,26 A study conducted by 
Ndrepepa et al. found impaired renal function 
as a strong predictor of Hcy level.6 They 
found that diabetes is associated with 
increased plasma levels of Hcy only in 
patients with impaired renal function. 
Conversely, in patients with preserved renal 
function, diabetes was not associated with the 
increased plasma Hcy level. 
In our study, only patients with normal renal 
function were assessed and patients with any 
evidence of impaired renal function were 
excluded. Although we found higher levels of 
serum creatinine in patients with CAD, it was 
within the normal range both in the CAD and 
control groups (Table II). Therefore, the 
equivalence of plasma Hcy level between 
these two groups shows that Hcy may not be 
an independent correlate of atherosclerosis. 
The independent predictors of the presence of 
CAD in our patients were decreased systolic 
blood pressure and increased levels of serum 
creatinine and HbA1c. These findings suggest 
other risk factors to be more important in the 
pathogenesis of atherosclerosis rather than 
Hcy in diabetic populations. Other significant 
correlates of the presence of CAD in the 
univariate analysis (BMI and HDL-c) were no 
longer present in the multivariate model. The 
Hosmer-Lemeshow Goodness-of-Fit test 
demonstrated a good fit (Chi-square:10.301, 
df: 8, p=0.245). 
No relationship between plasma Hcy level 
and the extent of CAD assessed by the 
number of affected coronary arteries was 
seen, although Bozkurt et al.27 found that 
elevated Hcy levels in patients with CAD 

Factors Beta SE P value OR (95%CI) 
Systolic blood 

pressure -.041 .014 .003 .960 (.934-.986) 

Creatinine 3.209 1.286 .013 24.756 (1.990-
307.918) 

HbA1C .878 .369 .017 2.407 (1.168-
4.959) 
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correlates with the angiographic extent of 
atherosclerotic disease. This could be 
explained by the different methods which 
they used for the assessment of the extent of 
CAD, which determines a quantitative 
measure of CAD for each patient. The only 
factors found to be predictors of the extent of 
CAD in our patients were the history of 
hypertension and current smoking (Table III). 
The present study confronted some 
limitations. As indicated previously,28-30 inter-
individual variation in plasma Hcy levels is 
regulated by the interaction of genetic and 
nutritional factors, in which dietary habits 
such as the intake of vitamins (folic acid, 
vitamin B6 and B12) play an important role.31 
Also, C677T polymorphism in the methylene-
tetrahydrofolate reductase (MTHFR) gene has 
been reported to be related to the plasma Hcy 
level.32 We did not evaluate these possible 
affecting factors; these may, therefore, act as 
confounding variables which can alter the 
levels of plasma Hcy independent of other 
risk factors of CAD. In addition, the sample 
size in the control group was relatively small. 
This was due to the fact that among patients 
with type 2 DM referring to our center for 
coronary angiography, it is somewhat difficult 
to find patients with normal coronary arteries.   
In conclusion, we found that in the presence 
of normal renal function, plasma 
homocysteine level cannot predict either the 
presence or the extent of CAD in patients 
with type 2 DM without any evidence of 
nephropathy. 
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